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Abstract

The purpose of this study was to investigate the effect additional synthetic antioxidants have
on the determination of quercetin from Moringa oleifera leaves and to determine the quercetin
content in different sources of M.oleifera. Four antioxidants (tert-butylhydroquinone,
butylated hydroxytoluene, butylated hydroxyanisole and ascorbic acid) were added in various
amounts (2, 5 and 10 mg) to the hydrolysis reaction used to analyze quercetin from crude
ethanol extracts of M.oleifera leaves. The amount of quercetin recovered from each source
was determined by HPLC method, which was appropriate for analysis of quercetin levels in
extracts as shown by validation criteria. It was found that addition of either single or mixed
antioxidants to the hydrolysis reaction could increase the quantity of quercetin recovered from
M.oleifera leaves. The amount of quercetin from seven plant materials varied from a low of
3.01 to a high of 13.43 mg/g crude extract. It could be concluded that the analysis of quercetin
in M.oleifera leaves should add some of the antioxidant in the process of analysis such as BHA
5 mg and TBHQ 5 mg. This could confirm the actual amount found in the leave of this plant

and promote the accurate and reliable results to use in the other studies.
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Introduction

Moringa oleifera Lam (drumstick tree, or marum
in Thai) is the most widely cultivated plant in family
Moringaceae. It is one of the multipurpose plants that
can be used as vegetable and medicinal plants. At a
present time, this plant is already an important crop
and is being grown in many countries. All parts of
this plant are edible and have long been consumed
by humans (Fahey, 2005). It has been used in the
traditional medicine in many countries for some
symptoms such as skin infections, asthma, bronchitis,
cough, sore throat (Ramachandran et al., 1980;
Fuglie, 2001). Moreover, this plant has been used for
nutritional purpose, which comes from various parts
enrich of vitamins, minerals and essential amino acid
(Babu, 2000). It is especially useful as a food source.
Many studies about the pharmacological activities
and phytochemical constituents of this plant were
also reported (Caceres et al., 1991; Bharali et al.,
2003; Sreelatha and Padma, 2009). Some active
constituents found in this plant have been reported
to have antioxidant, hypotensive, spasmolytic,
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antifungal, anticancer, antibacterial activities and
hypocholesterolemic effects (Caceres et al., 1992;
Metha et al., 2003; Chuang et al., 2007).

This plant was reported to contain benzyl
glucosinolates, B-sitosterol, glycosides, sugars,
alkaloids, flavonoids, proteins and saponins (Goyal
et al., 2007). Quercetin belongs to an extensive class
of polyphenolic flavonoid compounds and has some
biological activities such as antibacterial, antioxidant
and anticarcinogenic activities (Williamson et al.,
1996; Lamson, 2000; Rahman et al., 2009). Quercetin
usually combined with a sugar moiety and was found
as the major constituent in the leaves of this plant
(Lago et al., 2007). However, the analytical method
to determine flavonoid glycoside is quite difficult.
Hydrolysis reaction need to used and the resulting
quercetin can be identified and quantified. In order to
determine the amount of quercetin in the leave of this
plant without degrading the aglycone itself during the
acid hydrolysis in sample preparation procedures, the
effect of addition some antioxidant was tested in this
study. During the hydrolysis reaction which quercetin
glycoside changed to quercetin, we believed that if



52 Panya, T. et al../IFRJ 25(1) : 51 - 55

antioxidant was not added into the reaction, it could
cause degradation of quercetin and the content would
be less than it should be. One of the most common
analytical methods is High performance liquid
chromatography, which can be used to quantify the
major flavonol components in some medicinal plants
(Dubber and Kanfer, 2004). The modified HPLC
method with selective and accurate results is necessary
to support this purpose (Hertog ef al., 1992; Nuutila
et al.,2002). The information of active constituents is
used in order to ensure the reliability and consistency
of using this plant. Thus, the present research aimed
to study the effect of some additional antioxidant to
the analysis of quercetin in M.oleifera leaves. We
therefore focused our study on the determination
of quercetin content from varying sources using the
optimize amount antioxidants addition resulted by
before study.

Materials and Methods

Plant materials and reagents

M.oleifera leaves in different age groups (No.1
> 5 years, No.2-6 ~ 2-4 years, No.7 < 2 years) were
collected from Khon Kaen province, Thailand and
their identity was confirmed by Dr. Prathan Luecha,
Faculty of Pharmaceutical Sciences, Khon Kaen
University. A voucher specimen (SD 5501) has
been deposited in the Herbarium of the Faculty of
Pharmaceutical Sciences, Khon Kaen University.
Chemicals used in this study were obtained from the
following sources: tert-butylhydroquinone (TBHQ),
butylated hydroxyl toluene (BHT), butylated
hydroxyanisole (BHA), ascorbic acid (ASA) and
formic acid from Fluka®, methanol and hydrochloric
acid from BDH®, 2-propanol, acetonitrile and
ethanol from Merck®, standard quercetin from Sigma
Aldrich®.

Preparation of the extracts

The leaves were dried at 50°C, powdered and
macerated with ethanol for 7 days. Ethanol was the
best choice in this study because this ethanol extract
would be used for herbal formulation and safe to add
into the preparation. The extracts were then filtered
and concentrated to dryness by a rotary evaporator.

Hydrolysis of crude extracts

The hydrolysis method (Hertog, 1992) was used
in this study. M. oleifera leaf extracts (50 mg) were
refluxed at 80°C for 2 h with 1.2 M hydrochloric
acid in 50% aqueous methanol (5 ml). Antioxidants
(TBHQ, BHA, BHT and ASA) were added to the
hydrolysis reaction in various amounts (2, 5 and 10

mg) before refluxing. After refluxing, each sample
was allowed to cool to room temperature and the
volume was adjusted to 10 ml with methanol. All
determinations were performed in triplicate.

HPLC analysis of quercetin

The hydrolyzed samples were analyzed by
reversed-phase HPLC system using a Hypersil ODS
column (Agilent®, 4x250 mm, 5 um). An acetonitrile:
2-propanol: 1% formic acid solution (8:22:70) was
used as the mobile phase at the flow rate of 1 ml/min
and quercetin was detected at 370 nm. The amount
of quercetin present in hydrolyzed extracts was
then determined from comparison with a quercetin
standard curve (0.48 ug/ml, 0.96 pg/ml, 1.92 pg/ml,
4.8 ug/ml, and 9.6 pg/ml).

Validation of analytical method

The analytical method was validated for
specificity by the absence of undesired peaks in HPLC
chromatograms and accuracy by the percentage
recovery of quercetin standards in 5 replicates.
Precision (%RSD) was validated for within-day and
between-day determinations (n = 5) and for HPLC
retention times (n = 10). Linearity was validated
by using linear regression analysis to calculate the
coefficient of determination (r?) of a quercetin standard
curve (0.48 ug/ml, 0.96 ug/ml, 1.92 pg/ml, 4.8 ug/
ml, and 9.6 ug/ml, n = 5). Limit of detection (LOD)
and limit of quantitation (LOQ) were determined
by using diluted standard quercetin solutions and a
signal to noise ratio of 3.42 and 10 respectively (n =
5). Finally, the reproducibility and consistency of the
hydrolysis procedure was validated by determining
the %RSD from ten replicate hydrolysis procedures.

Statistical analysis

The data were expressed as means + SD. Results
were compared by two-way ANOVA. Differences
were considered significant if p < 0.05.

Variation of quercetin content from seven sources of
M.oleifera leave extracts

Seven plant materials of M. oleaifera leave were
collected from different area of Khon kaen province.
The extracts of these plant materials were prepared
as the extraction method used before. The amount of
quercetin content in each sample was also determined
by the HPLC method and the hydrolysis reaction was
also used as described above. The optimized amount
of antioxidant received from this study (TBHQ 5 mg
and BHA 5 mg) was added prior to the analysis. The
analysis was performed in three replications.
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Results and Discussion

Analytical method validation

HPLC chromatograms showed good separation
of peaks, with resolution (R ) values more than 2 and
tailing factors (T) less than 2 (Figure 1). The within-
day and between-day percentage relative standard
deviations (%RSD) for the five replicate injections
of 0.48 pg/ml, 0.96 pg/ml,1.92 pg/ml, 4.80 pg/ml
and 9.60 pg/ml quercetin standards were all less than
1% (Table 1). The calibration curve obtained from
plotting the peak area at each concentration had good
linearity (correlation coefficientr*=0.9998, Figure 1).
Accuracy, as determined by the percentage recovery
of spiked quercetin standards, was always between
90-110% (Table 1). Finally, the reproducibility of the
hydrolysis procedure was assessed by carrying out
ten replications with the same extract. The %RSD of
quercetin content was 3.65 (Table 1). The remaining
validation data obtained for this HPLC method
(Retention time, LOQ and LOD) are reported in Table
1. According to ICH guideline, all the validation
criteria were in acceptance range and could be used
for quercetin analysis in the extract

Table 1. Validation results of the HPLC analytical method
for quercetin determination

Validation criteria N Factor Result
Accuracy 5 % Recovery  91.66% - 102.81%
0.48 ng/mL 0.44% RSD
. 0.96 pg/mL 0.23% RSD
Within Day 5 192pg/mL  0.13%RSD
Precision
4.80 pg/mL 0.08% RSD
9.60 pg/mL 0.03% RSD
0.48 pg/mL 0.57% RSD
0.96 pg/mL 0.15% RSD
Between Day 5 192ugmL  0.09%RSD
Precision
4.80 pg/mL 0.03% RSD
9.60 pg/mL 0.03% RSD
Retention Time 10 0.27% RSD
Linearity 5 1’ 0.9998 (+ 0.0000)
LOD 5 S/N =3.42 0.16 pg/mL
LOQ 5 S/N=10.00 0.48 pg/mL
Hydrolysis 10 3.65% RSD
Procedure

The effect of antioxidant type and concentration
on the recovery of quercetin from M. oleifera leaf
extracts.

To determine the effect of additional antioxidants
to the hydrolysis mixture, various amounts (0, 2, 5
and 10 mg) of TBHQ, BHA, BHT and ASA were
added into the hydrolysis reaction and the amount of
quercetin aglycone recovered was determined. Table
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Figure 1. HPLC chromatograms of M. oleifera leaf extract
(A), a standard quercetin solution (B) and calibration curve
of standard quercetin solution (C)

2 showed that the amount of quercetin recovered
varied for each antioxidant and each concentration.
Ten mg of TBHQ and ten mg of BHA yielded the
most quercetin per gram of extract: 11.25 (£1.58)
and 11.25 (£1.34), respectively (Table 2) From the
statistical analysis, only BHT was found different
to the other antioxidants (TBHQ, BHA and ASA).
Addition of mixtures of antioxidants to the hydrolysis
reaction gave increased yields of quercetin compared
to individual antioxidants, as shown in Table 3. The
tend highest yield of quercetin was 13.43 (£0.43)
mg/g extract with the mixture of 5 mg TBHQ and 5
mg BHA.
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Table 2. The effect of individual antioxidants on the
recovery of quercetin from M. oleifera leaves (n = 3)

Quercetin content

Type of antioxidant me/e extract £ SD

mg of antioxidant

NONE 10.15 + 0.66
10.90 = 1.40

TBHQ 10.95+1.52
10 11.25 +1.58

2 831+1.18

BHT 5 9.15+2.06
10 9.17+£2.34

2 11.09 +2.36

BHA 5 11.23 £0.57
10 11.25+1.34

2 10.63 +£0.48

ASA 5 10.76 £ 0.63
10 10.97 +1.19

TBHQ; tert-butylhydroquinone, BHT; butylated hydroxyl toluene,
BHA; butylated hydroxyanisole, ASA; ascorbic acid

Table 3. The effect of antioxidant mixtures on the
recovery of quercetin from M. oleifera leaves (n = 3)

Amount of antioxidant (mg) Quercetin content mg/g

extract £ SD

TBHQ  BHA ASA
2 5 0 12.47 £0.45
5 5 0 13.43 +0.43
2 0 2 13.36 £ 1.34
5 0 2 12.96 + 0.98
2 0 5 12.01 £0.97
5 0 5 12.35+3.11
0 5 5 11.70 + 3.29
0 5 2 10.80 + 2.70

TBHQ; tert-butylhydroquinone, BHA; butylated hydroxyanisole,
ASA; ascorbic acid

The addition of single antioxidants to the
hydrolysis mixture prior to the analysis of quercetin
generally resulted in higher amounts of quercetin
recovered. This confirms the study of Nuutila from
2001 in which the quercetin content in red spring
onion was found to be higher after addition of TBHQ
or ASA to the hydrolysis reaction. In our study,
tendency of higher quercetin content was found
with the addition of TBHQ, BHA and ASA to the
hydrolysis reaction, and quercetin content was lower
with the addition of BHT, compared to no antioxidant
controls. This suggests that BHT somehow protected
quercetin during the hydrolysis process, blocking
the release of the quercetin aglycone. For the mixed
antioxidants, the addition of TBHQ (5 mg) and BHA
(5 mg) to the hydrolysis reaction tend resulted in
the highest amount of quercetin recovered. Thus, by
using an antioxidant mixture, lower total amounts
of antioxidants could be added to the hydrolysis

reaction, conceivably reducing quercetin aglycone
decomposition. The accurate result of quercetin
content in M.oleifera could be obtained from the
optimized additional antioxidants which performed
the advantage of this study. However, this condition
was optimized only for one kind of plant, M.oleifera,
if the study conducted to the other plants, the other
optimized condition should be set also.

Variation of quercetin content from different sources

From the varying quercetin content from various
sources in M. oleifera extract. It was notice that the
content varied from 3.01 to 13.43 mg/g extract, which
showed very wide range (Table 4).

From the information of these plant materials
with biodiversity, we did not grow and control the
condition of this plant. These plant materials were
provided from many sources and different ages of
these samples were collected. The highest amount
of quercetin content was recovered from the plant
samples with the highest age which much more than
5 years. Thus, the study about biodiversity of plant
sources should be performed to obtain the information
that could help the managing of the time to collect
the plant material which could give the high content
of quercetin. This could help for the plant selection
process.

Table 4. Amount of quercetin recovered from various
sources of M. oleifera leaves. (n = 3)

Source Number Quercetin content mg/g extract + SD
1 13.43+£0.43
7.94+1.01
8.88 +1.50
8.65+0.75
7.05+0.70
5.99+0.16

3.01 £0.69

~N N R W

Conclusion

From the results of this study, we suggested
that the analysis of quercetin in M. oleifera leaves
was improved by the addition of an antioxidant
such as tert-butylhydroquinone (TBHQ), butylated
hydroxyanisole (BHA) or a mixture of antioxidants
(TBHQ + BHA) during the hydrolysis process. The
selection of plant material to obtain the high content
of active ingredient could be done if we knew the
collecting condition. Here we reported an optimized
method for quercetin analysis in M. oleifera leaf
extracts, and the procedure could be used to determine
the content of other flavonoid glycosides from plants
or natural sources.



Panya, Tet al /IFRJ 25(1) : 51 - 55 55

Acknowledgements

This work was supported by the Higher
Education Research Promotion and National
Research University Project of Thailand, Office of
the Higher Education Commission, through the Food
and Functional Food Research Cluster of Khon Kaen
University, Khon Kaen, Thailand.

References

Babu, S.C. 2000. Rural nutrition interventions with
indigenous plant foods: a case study of vitamin
deficiency in Malawi. International Food Policy
Research Institute, Washington, DC. Biotechnology,
Agronomy Society and Environment 4(3): 169—179.

Bharali, R., Tabassum, J. and Azad, M.R. 2003.
Chemomodulatory effect of Moringa oleifera, Lam, on
hepatic carcinogen metabolizing enzymes, antioxidant
parameters and skin papillomagenesis in mice. Asian
Pacific Journal of Cancer Prevention 4(2): 131-139.

Caceres, A., Cabrera, O., Morales, O., Mollinedo, P.
and Mendia, P. 1991. Pharmacological properties
of Moringa oleifera. 1: Preliminary screening for
antimicrobial activity. Journal of Ethnopharmacology
33(3): 213-216.

Caceres, A., Saravia, A., Rizzo, S., Zabala, L., De Leon,
E. and Nave, F. 1992. Pharmacologic properties of
Moringa oleifera. 2: Screening for antispasmodic,
antiinflammatory and diuretic activity. Journal of
Ethnopharmacology 36(3): 233-237.

Chuang, P.H., Lee, C.W., Chou, J.Y., Murugan, M., Shieh,
B.J. and Chen, H.M. 2007. Anti-fungal activity of
crude extracts and essential oil of Moringa oleifera
Lam. Bioresource Technology 98(1): 232-236.

Dubber, M.J. and Kanfer, 1. 2004. High performance liquid
chromatographic determination of selected flavonols
in Ginkgo biloba solid oral dosage forms. Journal of
Pharmacy and Pharmaceutical Sciences 7(3): 303—
309.

Fahey, J.W. 2005. Moringa oleifera: A review of the
medical evidence for its nutritional, therapeutic, and
prophylactic properties. Part 1. Trees for Life Journal
1:5. Retrieved on September 20, 2014 from http://www.
TFLJournal.org/article.php /20051201124931586.

Fuglie, L.J. 2001. The miracle tree: Moringa oleifera:
Natural nutrition for the tropics. Training Manual.
Church World Service, Dakar, Senegal.

Goyal, B.R., Agrawal, B.B., Goyal, R.K. and Mehta, A.A.
2007. Phytopharmacology of Moringa oleifera Lam.
- an overview. Natural Product Radiance 6(4): 347—
353.

Hertog, M.G.L., Hollman, P.C.H. and Venema, D.P. 1992.
Optimization of a quantitative HPLC determination of
potentially anticarcinogenic flavonoids in vegetables
and fruits. Journal of Agricultural and Food Chemistry
40(9): 1591-1598.

Lako,J., Trenerry, C., Wahlqvist, M.L., Wattanapenpaiboon,
N., Subramanium, S. and Premier, R. 2007.
Phytochemical flavonols, carotenoids and the
antioxidant properties of a wide selection of Fijian
fruit, vegetables and other readily available foods.
Food Chemistry 101(4): 1727-1741.

Lamson, D.W. and Brignall, M.S. 2000. Antioxidants and
cancer III: Quercetin. Alternative Medicine Review
5(3): 196-208.

Mehta, K., Balaraman, R., Amin, A.H., Bafna, P.A. and
Gulati, O.D. 2003. Effect of fruits of Moringa oleifera
onthelipidprofile of normal and hypercholesterolaemic
rabbits. Journal of Ethnopharmacology 86

(2-3): 191-19s5.

Nuutila, A.M., Kammiovirta, K. and Oksman-Caldentey,
K.M. 2002. Comparison of methods for the hydrolysis
of flavonoids and phenolic acids from onion and
spinach for HPLC analysis. Food Chemistry 76(4):
519-525.

Rahman, M.M., Sheikh, M.I., Sharman, S.A., Islam,
M.S., Rahman, M.A., Rahman, M.M. and Alam,
M.F. 2009. Antibacterial activity of leaf juice and
extracts of Moringa oleifera Lam against some human
pathogenic bacteria. Chiang Mai University Journal
of Natural Sciences 8(2): 219-227.

Ramachandran, C., Peter, K.V. and Gopalakrishnan, P.K.
1980. Drumstick (Moringa oleifera): a multipurpose
Indian vegetables. Economic Botany 34(3): 276-283.

Sreelatha, S. and Padma, P.R. 2009. Antioxidant Activity
and Total Phenolic Content of Moringa oleifera
Leaves in Two Stages of Maturity. Plant Foods for
Human Nutrition 64(4): 303-311.

Williamson, G., Plumb, G.W., Uda, Y., Price, K.R.
and Rhodes, M.J. 1996. Dietary quercetin
glycosides: antioxidant activity and induction of the
anticarcinogenic phase II marker enzyme quinine
reductase in Hepatic7 cells. Carcinogenesis 17(11):
2385-2387.



